To measure the change in the minimum alveolar concentration of isoflurane (EtISO) associated with epidural nalbuphine and the postoperative analgesic requirements in dogs after ovariohysterectomy.
Introduction
Epidural analgesia combined with inhalatory anesthesia may provide advantages over the conventional routes of analgesic administration (intravenous or intramuscular), including reduction of the doses of the inhalant agents required to produce anaesthesia and thus the side effects derived from higher doses 1 . Epidural methadone in dogs undergoing pelvic limb surgical procedures resulted in greater decreases in the EtISO required to maintain anesthesia compared with the same doses administered intravenously 2 . Other opioids are also used with the same goal, such as fentanyl 3, 4 , sufentanil 5, 6 , oxymorphone 7 , and especially morphine 1, [8] [9] [10] [11] . Epidural use of morphine has been limited though because of the dose-dependent risk of delayed respiratory depression and/or potential urinary retention requires close monitoring of respiratory patterns, which is not always possible in dogs 11, 12 and humans 13 .
Nalbuphine is a low lipophilic (octanol-buffer partition coefficient -9.75) semisynthetic opioid related to both oxymorphone and naloxone; it has relatively potent μ-antagonist and κ-agonist activity. The respiratory depression induced by opioids is primarily mediated by the μ-receptor agonist activity. The μ-antagonist properties of the nalbuphine should produce fewer μ-mediated side effects such as respiratory depression, pruritus, nausea and vomiting 13, 14 .
The epidural administration of nalbuphine combined with an inhalant anesthetic agent to produce the inhalant-sparing effect has not been investigated in dogs, nor has the onset and duration of action of postoperative pain relief been assessed.
Therefore, we designed this study to determine if epidurallyadministered nalbuphine may reduce isoflurane and postoperative analgesic requirements in dogs undergoing ovariohysterectomy that had received epidural nalbuphine.
Methods
This study was approved by the Animal 
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Discussion
This study showed a sparing effect when the inhalant anesthetic agent isoflurane was combined with nalbuphine administered by the epidural route to dogs that underwent ovariohysterectomy. The MAC of isoflurane in our dogs receiving saline solution was 1.98% at approximately 2 h, which was higher than that measured by others for this species 16, 17 . The ovarian stimulation model is an adequate and repeatable means of producing visceral stimulation to determine MAC in dogs 18 .
Previous studies used electrical stimulation or mechanical stimuli (tail clamp) based on clinical signs such as palpebral response, jaw tone, and vigour of spontaneous movement in response to noxious stimulation, indicating that these dogs were not deeply anesthetized at the measured concentrations 16, 17, 19, 20 . Movement at skin incision has been proposed for determining the potency of intravenous anaesthetics 21 ; however, it is also used as a standard measure for assessment of inhalant anesthetic agents 22 .
Currently, clinical and laboratory studies demonstrate the need to treat pain according to individual needs, pain source, pain mechanisms and drug properties 23 . Epidural opioids have been shown to decrease the MAC of inhalant anaesthetics in dogs in a number of studies 1, 2, 7, 24 . Epidural methadone significantly reduces the isoflurane requirement compared with intravenous methadone during femoro-tibial joint surgery 2 . In experimental studies . In our study, the MAC of isoflurane The analgesia mediated by epidural nalbuphine is probably caused by potent μ-antagonist and κ-agonist opioid activity. Methadone administered by the epidural route to dogs that underwent femorotibial joint surgery had analgesia duration of approximately 7.5 h based on a numerical pain scoring system 2 . These differences in the duration of analgesia may be related to the different drugs, and different subjective pain scales used in our study and those of others 2, 24 . The cortisol concentration is objective for determining physiologic or neurohumoral stress response in dogs; however, routine measurement of cortisol is clinically impractical 28 .
One of the main advantages of epidural administration of opioids is that a small dose of the drugs provides pain relief in the postoperative period. However, there may be side effects. Side effects that occur more frequently after administration of epidural opioids are respiratory depression, pruritus, nausea, vomiting and urinary retention 1, 7, 12, 13 . Studies on opioids alone or in combination with local anaesthetics report conflicting results on respiratory depression. For instance, one study showed that epidural administration of morphine in dogs anesthetized with halothane was not associated with respiratory depression or other side effects 1 . However, in another study respiratory depression was found to occur after epidural oxymorphone in dogs anesthetized with halothane 7 . Nalbuphine's μ-antagonism should produce fewer μ-mediated side effects such as respiratory depression 13 .
In our study with nalbuphine epidural, although respiratory function was not thoroughly investigated, respiratory rate, SpO 2 , and EtCO 2 remained within the physiological range. Mechanical ventilation used during general anesthesia, contributed to the respiratory parameters remained within the physiological parameters.
Despite systemic absorption and supraspinal effects, epidural administration of opioids is not expected to have a significant cardiovascular effect in healthy patients. Epidural administration of morphine in halothane-or isoflurane-anaesthetized dogs did not induce significant cardiovascular alterations 1, 29 . But other studies with other opioids have reported conflicting results for cardiovascular parameters. Epidural administration of oxymorphone in combination with bupivacaine in halothane-anesthetized dogs showed decreased heart rate and blood pressure 7 . Another study showed a decrease in heart rate after epidural methadone in isoflurane-anesthetized dogs, but an increase in blood pressure (systolic arterial pressure) 24 . We did not observe any alteration in the cardiovascular system with either dose of nalbuphine epidural in the present study during the anaesthetic period.
Conclusions
The nalbuphine administered epidurally at 0.3 and 0.6 mg/ kg diluted in saline reduced the anesthetic requirement for isoflurane in ovariohysterectomized dogs in a dose-dependent manner. Similarly, nalbuphine epidural provided improved postoperative analgesia by increasing the time until the first rescue analgesia was needed. There were no side effects observed in this study.
